ABSTRACT
INTRODUCTION
Considerable insight into the molecular mechanisms that are involved in learning and memory has been gained in recent years (for example, Lynch, 1998) . Nevertheless, as stated by Bures and Buresova (1990) :
In spite of its importance, research specifying plastic phenomena at the microscale cannot lead to understanding of the mechanisms of learning and memory without a commensurate progress of system studies showing where and when the cellular changes take place.
In this regard, neuropsychological analysis of brain-injured patients has profoundly influenced the present conception of memory systems (for example, Tulving, 1991) . In animal studies, new paradigms have been introduced to explore the multiplicity of the processes underlying these memory systems, and new techniques (for example, expression of immediate early genes) have been adapted to identify the brain networks supporting these processes. Lesion techniques in animals have also improved in neuroanatomical selectivity, using excitotoxic compounds (for example, ibotenate, AMPA [a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid], quisqualate) that destroy cell bodies without affecting the fibers of passage. For instance, in the ongoing debate on the role of the hippocampus in learning and memory, it has been found that part of the deficits (in particular, some nonspatial learning deficits), induced by mechanical or electrolytic lesions, may to be due to damage to neighboring structures rather than to the hippocampus itself (for example, Jarrard, 1993) . Despite this progress, the various shortcomings of lesions studies for inferring brain-behavior relationships must be recognized. One drawback is that inference about a relation between brain damage and a behavioral deficit implicitly supposes that the undamaged components of the system continue to function normally (see Jaffard & Meunier, 1993; Farah, 1994) (Sinnamon & Benaur, 1997) . A similar onset and recovery time ofthe reaction time to a stimulustriggered movement was recently reported by Martin and Ghez (1999) (1989) showed that chronic GABA infusion is an efficient method to inactivate brain regions involved in memory processes. Delayed responses depend on the prefrontal cortex (for example, Kolb, 1984) . Infusion of GABA (50 tg/ttl) over 7 days after acquisition of the task was found to impair the delayed response in monkeys (Brailowsky et al., 1989) and rats (Di Scala et al., 1990; Meneses et al., 1993 Majchrzak et al., 1990; 1992a Fig. 1 ).
The loss of magnocellular cholinergic neurons was confirmed by reduced acetylcholinesterase (ACHE) and choline acetyltransferase (CHAT) activities in the frontal and parietal cortices (see Fig. 2 ; Will et al., 1988; Majchrzak et al., 1990; 1992; Majchrzak, 1992 Brailowsky et al., 1987; Fukuda et al., 1987; Brailowsky et al., 1988; are indicative of plastic and/or degenerative effects.
MUSCIMOL-INDUCED REVERSIBLE INACTIVATION
Muscimol rapidly induces a hyperpolarization lasting several hours, with the overall duration depending on the dose (see Martin & Ghez, 1993; . In a series of articles, Martin and colleagues (for example, Martin, 1991; Martin & Ghez, 1999 ) provided a thorough analysis of muscimol-induced inactivation, together with (Fonnum, 1975; Ellman et al., 1961 (Torres et al., 1994; Wenk et al., 1994; Baxter et al., 1995) , suggesting that the behavioral deficits induced by muscimol may depend also on its effects on noncholinergic NBM neurons.
The amygdala is involved at various stages of learning and memory, and reversible inactivation studies. Using tetrodotoxine (TTX), lidocaine (or novocaine), and muscimol have largely contributed to the identification of these processes (for example, Gallo et al., 1992; Willner et al., 1993; Jerusalinsky et al., 1994; Muller et al., 1997; Ambrogi-Lorenzini et al., 1999) . In this regard, conditioned food-aversion procedures have been considered particularly appropriate to realize a "chronometric analysis" of the various processes that are involved in learning and memory, with the aid of reversible inactivation (see Bures, 1990 ; Bures & Buresova, 1990) . In these procedures, intake of a food by the rat (a drinking solution, which may be identified by its taste or its odor) is followed by intoxication, induced by injection of lithium chloride, resulting in avoidance of the food upon subsequent encounter. Using TTX to inactivate a variety of brain structures at specific phases of a conditioned taste aversion, Bures and collaborators (Bures, 1990; Gallo et al., 1992) have exquisitely documented the involvement of the connections between the parabrachial nucleus, the amygdala, and the gustatory cortex in this learning. In a recent series of experiments, we used muscimol to study the neuroanatomical substrate that is involved in a particular instance of conditioned food aversion, which is conditioned odor aversion (COA). Conditioned odor aversion is the avoidance of a tasteless, odorized solution, the ingestion of which has preceded toxicosis; COA differs from the classic conditioned taste aversion (CTA) in that it does not tolerate long interstimulus intervals (ISI) between the solution intake and the induction of toxicosis (Hankins et al., 1973) . Nonetheless, evidence exists of COA that is acquired despite long ISis when the odor is presented together with a taste during acquisition; this procedure is called Taste-Potentiated Odor Aversion (TPOA). TPOA depends on the baso-lateral nucleus of the amygdala (BLA), as electrolytic or excitotoxic lesions of this nucleus were found to disrupt it (Bermudez-Rattoni et al, 1986; Hatfield et al., 1992; Ferry et al., 1995) . Muscimol-induced inactivation of the BLA during the acquisition phase, but not during the retrieval phase, of the procedure was found to be effective, suggesting that this nucleus is involved in the former process. Furthermore, to be effective, muscimol could be injected either before or after presentation of the odor-taste stimulus, suggesting that neuronal activity in the BLA is necessary after the sensory processing of the composite stimulus, that is for a memory process (Ferry et al., 1995) . In this regard, muscimol injection differs from other reversible inactivation compounds in that injection of novocaine into the amygdala impairs TPOA if it is administered before, but not after, presentation of the odor-taste stimulus (Bermudez-Rattoni et al., 1983 (Bures & Buresova, 1990) 
